The problem
Climate is a major geographical factor that affects human activity and economic development (Chhetri et al., 2010; . However, studies of the geography of innovation show a dearth of research on the interrelationships between climate zones and technological performance (Krugman, 1991; Rosenberg, 1992 ; Smithers and Blay-Palmer, 2001; Howells and Bessant, 2012) . Climate can be a basic factor for spurring the origin and diffusion of technological innovations, though it is a difficult assumption to test (Abler et al., 2000; Ruttan, 1997 ; cf. Moseley et al., 2014; Robbins et al., 2014 ).
An interesting problem of the economics of innovation is: What are the patterns of technological innovation across different geo-climate zones of the globe? This study confronts this question by developing an empirical analysis, which endeavours to detect the fruitful relationship between innovative outputs and climate zones, which can explain path-dependence of higher technological and economic performances of some societies.
In particular, this important issue is crucial to improving our understanding of the geographical sources of technological change (Feldman and Kogler, 2010; Feldman and Florida, 1994 ). This study is carried out by an approach of scientific realism (Thagard, 1988, p. 145) and is a part of a large research program à la Lakatos (1978) that aims to detect concomitant and complex determinants of technological change.
The Backdrop of Prior Research and Conceptual Grounding
Economic growth is driven by technological innovations and some scholars explain the likely relationships between resources and development of new technology by the hypothesis of induced innovation (cf. Ruttan, 1997; Gitay et al., 2001; Rodima-Taylor et al., 2012) . This hypothesis refers to the process by which societies develop technologies that facilitate the substitution of relatively abundant (hence, cheap) factors of production for relatively scarce (hence, expensive) factors in the economy (Hayami and Ruttan, 1985) . In fact, Ruttan (1997 Ruttan ( , pp. 1520 Ruttan ( -2521 considers new technol-ogy as developed and adopted in response to changes in the geographical, economic and social environment (cf. also Goldberg, 1996) .
The climate, a main geographical factor of Earth's system, affects societies and their posture towards patterns of the technological innovation (cf. Hayami and Ruttan, 1985 Robbins et al., 2014) . Lichtenberg (1960) argues that the geographical factors rather than proximity to raw materials or markets influence production of knowledge creation. Montesquieu (1947 Montesquieu ( [1748 ) argued that the climate shapes human attitude, culture and knowledge. These factors tend to be localised in specific geo-economic places and support the cumulative nature and concentration of innovative activities (Feldman and Audretsch, 1999 England during the industrial revolution, in USA for ICTs, etc. These geo-economic areas have supported "institutional thickness" (Amin and Thrift, 1993) , which provides a platform for organising people and resource to support knowledge creation, knowledge spillover and innovative outputs (cf. Allen, 1997; Marceau, 2000) .
In fact, Feldman and Kogler (2010, p. 387) claim that:
geography also provides a platform to organize resources and relationships for economic activities. Beyond the natural advantages of resource endowments, proximity to markets, or climate, certain places have internal dynamics that increase the productivity of investments and results in higher innovation and creativity…. These internal dynamics are so socially constructed and involve a variety of actors (cf.
Rosenthal and Strange, 2003). Audretsch and Feldman (1996) discuss the tendency of innovations to cluster spatially, such as in large cities, whereas industry agglomeration is due to natural advantages, resources and other factors of the physical geography (e.g. climate, water, etc.). These studies pave an important conceptual background for supporting the vital analysis of the vital relation between the human activity of technological change and specific geographic factors (e.g. the climate). The next section presents a methodology to analyse and explain the interrelationship between innovative outputs and geoclimate zones of the globe.
Study Design and Methodology

Hypothesis and Research Design
The hypothetical approach is based on the following hypothesis (HP), which this study intends to test:
HP: Technological outputs are positively affected by temperate climate of the globe.
The purpose of the present study is to ascertain whether statistical evidence validates the hypothesis (HP).
Data, sources and study design
 After a preliminary study, the sample is based on 109 countries (Appendix A).
 Data were subjected to horizontal and vertical cleaning, excluding some years with missing values and/or outliers. The normal distribution of variables is checked by Curtosi and Skewness coefficients, as well as by the normal Q-Q plot. As initial variables do not have normal distributions, a logarithmic transformation has adjusted these distributions in order to apply correctly parametric estimates.
 The indicators of this research and their sources are indicated in table 1. Time lags between variables are considered in order to analyse the logical linkages and reduce the problem of endogeneity in econometric modelling. As far as technological indicators are concerned, innova-tions are protected by patents, which can indicate the current innovations of countries and also commercially promising inventions (cf. Coccia, 2010) . According to Hunt and GauthierLoiselle (2011, p. 32): "the purpose of studying patents is to gain insight into technological progress, a driver of productivity growth, and ultimately economic growth". The robustness of results is underpinned in the Levene Test of variance homogeneity, Test T of equality of mean and Test of Welch-Brown-Forsythe of robustness for equality of mean (the latter is a preferable test to F when it is not valid the hypothesis of equivalence of the variance).
In order to determine the geo-economic area (by geographical coordinates of the globe) that is favourable to support technological outputs, this study applies some working equations based on the following simple conceptual model:
LN Patents Applications per million people = f (Longitude) LN Patents Applications per million people = f (Latitude)
The specification is a based on cubic models since they fit very well data scatter:
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The models [1] and [2] 
̅ , is the geographical barycentre of the country and is a strong indicator of agglomerative forces and engines of innovative activities. The centre of gravity of the innovative activity, considering the roundness of the earth mainly for countries with wider territory, is given by 3, 4 : 1 One of the necessary conditions for the functions of one variable in order to have the solution x=x* to be a maximum or a minimum is:
(1*) In this case, x is a stationary point 2 In order to indicate the latitude and longitude in decimal number, the minutes are divided by 60: e.g. Lat. East 7°40' is 7+40/60=7.667. 3 rad is the radian: the standard unit of angular measure. Note: angle in degrees=angle in radians ×(180°/ ) 4 The equations provide the value in radian. To transform the values in degree° and minute', the formulas are: 1°=(/180)rad; 1'=(/10800)rad.
The variability of territorial distribution is measured by the territorial dispersion that considers the roundness of the earth (cf. Girone and Salvemini, 1999) :
This equation [6] can provide results similar to eq. [7] , which is based on formulas [3] :
The statistical analysis considers two main climate zones of the globe based on world map of the Equatorial, Arid and Polar climates).
This study applies a decomposition of territorial dispersion considering these two main sets (i.e.
temperate and non-temperate climate zones). The statistical units of the territorial distribution are clustered in r sub-sets of N k (k=1, 2, …, r) with a specific statistical feature: in this study k=2 (countries within temperate and non-temperate climate).
n ki are the frequencies of the statistical units i-th of the sub-set k-th (i.e. patents per million people).
n i is the frequency of the statistical units of the whole set.
If the geographical coordinates of the centre of gravity of the phenomenon of each sub-set are:
If the centre of gravity of the phenomenon of whole set is:
Hence, the territorial deviation is:
Thereby, the decomposition of territorial dispersion is (X=Longitude; Y=Latitude):
The first sum is the sum of territorial dispersion within each sub-set; the second sum is the territorial dispersion of the centres of gravity of each sub-set from the centre of gravity of the whole set.
This equation [11] assesses whether territorial distributions of each sub-set are more or less homogenous considering their centre of gravity and territorial dispersion. The specified formula for this study is:
Statistical Analysis and Evidence
Descriptive statistics show high variance of some variables (tab. 2). 
N
N 515
Note: ***=Sign. p < 0.001
The maximum/minimum of the geographic coordinates relationships [15] and [18] , estimated in ta- 
If y=LNPAR and h= LAT= latitude, the necessary condition to maximise Eq. [15] is:
0.032 0.006 0.00012 =0 [16] The first derivative equal to 0 gives: [17] these are the decimal latitudes of the globe that tend to maximise (minimise) the throughput of technological outputs. The first derivative equal to 0 gives: [20] These values are the decimal longitudes of the globe that tend to maximise (minimise) the throughput of innovative outputs.
In short, the latitude and longitude that are favourable (adverse) to innovative outputs are in table 8 and represented in the globe of Figure 1 . Instead, the geographical barycentre of the globe that minimises the innovative outputs has longitude (24° 12') and latitude (4° 19'). This geographical area that minimises the innovative outputs is within the Non-temperate zone (below the equator line, at east of the coast of Brazil). This result means that innovative outputs are lower in non-temperate climate of the South-hemisphere of the globe. Table 9 confirms that higher innovative outputs (first column) have a northern production in temperate climate, with lower territorial dispersion, in comparison to non-temperate zones. Territorial deviation is mainly due to territorial dispersion within the groups (Table 10) 
Main general remarks on empirical analyses
The statistical analysis shows, ceteris paribus, that in average innovative outputs tend to be associated to temperate climate zones where there are favourable factors of physical and human geography. In short, technological change is mainly a human activity, which locates, aggregates and develops in tepid latitudes. However, the relation between climate latitudes and technological outputs is also affected by other hidden factors (Coccia, 2012; . For instance, Spain and the UK are in the same geo-climatic zone, but Spain has an annual average of about 57 patents per million people, whereas the UK has an annual average of roughly 334 patents (cf. Coccia, 2014).
Institutions, democratisation, cultural factors and other socio-economic factors differ across countries and tend to generate, ceteris paribus, a great variety of economic and technological performances, respectively, across countries within the same geo-economic zones.
Explanation of the nexus temperate climate-innovative outputs
The statistical evidence seems in general to support the hypothesis stated in section methodology:
higher innovative outputs can be also explained by the location of countries in temperate climate zones. This result can be due to some fruitful linkages: tepid zones attract population that tends to When people with common technical interests concentrate geographically, dense local social and professional networks emerge as their close proximity leads them to encounter one another more frequently, both by chance and through local institutions, and to develop ties that are more likely to endure than more costly to-maintain distant ties. By facilitating repeated interactions and development of overlapping social and professional connections, local concentrations of people engaged in similar technical activities create an environment facilitating trust building and rapid and effective diffusion of ideas … Through these networks flows information about promising new technical developments and important unsolved puzzles that can stimulate innovation by facilitating novel combinations of ideas and technologies and identifying emerging market opportunities. . . . Technological proximity also matters. The cumulativeness of technological advances and specificity of knowledge bases to particular technical areas and market applications makes the value of potential spillovers greater within rather than across specialized technological applications.
As a matter of fact, apt physical and human geography in tepid climate can support the establishment of fruitful platforms and infrastructures for innovative outputs that support path-dependence pathways of certain places (cf. Neil et al., 2012) . In brief, technological change is a human activity that is associated to temperate zones. Technological innovation, de facto, is a strategy by which societies respond and/or adapt to resource endowments, environmental, climate and socio-economic changes (cf.
Chhetri et al., 2012; see Singer et al., 1961) . In particular, technological change is a human activity of learning and adaptation to take advantage of important territorial opportunities and/or to cope with consequential environmental and climate threats. Figure 3 shows the linkages, which can contribute to enhance the understanding of the interaction between climate as geographical factor and patterns of the technological innovation. 
Concluding Observations
Climate is a main geographical factor and pre-existing condition for technological change. In particular, investments in human and physical capital tend to be affected by climate conditions (Abler et al., 2000) . Tepid climate and territories create main stimuli for social, technological and economic change (Hayami & Ruttan, 1985 ; cf. Rosenberg, 1992; Smithers and Blay-Palmer, 2001 ). In fact, the progress of societies in tepid areas has generated main innovations to reduce the influence and dependence from scarce resources and natural environment (Hayami and Ruttan, 1985 ).
The study here shows higher technological outputs in temperate geo-economic areas of the globe. This study has tried to provide, through empirical evidence, a verisimilitude or degree of closeness to true facts. Of course, the results of this study are explorative and not conclusive, because the main role of climate on technological change deserves to be delved more deeply into scientific analyses based also on social, psychological and anthropologic factors of human societies. These and other related issues remain the purpose of future research. The partial analysis discussed here, focusing on some critical linkages, provides interesting findings, though we know that other things are often not equal in geo-economic systems and no empirical evidence will be true in all situations.
As Wright (1997, p. 1562) properly says: "In the world of technological change, bounded rationality is the rule".
